A recent paper highlights both the opportunities and pitfalls implicit in the use of national public use datasets. used the national linked birth and infant death certificate files for calendar years 1995-1997 to study the prevalence and risk factors for adverse perinatal outcomes in high and low wheat-producing counties of four northern Great Plains states. Although Schreinemachers did not clearly state the null hypothesis, she attempted to test the assertion that in utero exposure to agricultural herbicides is associated with birth defects, preterm delivery, and small-for-gestational age (SGA) infants. Vital records for residents of 147 rural, agricultural counties were classified into low-wheat and highwheat areas based on agricultural production statistics, using the median split method. What described as an ecologic analysis is perhaps better categorized as a cross-sectional study with a dichotomous exposure variable classified by study-subject residence in a high or low wheat-producing county. This means that neither the exposure (agricultural herbicides) nor the outcome (birth defects) was adequately measured. The study results and discussion emphasized the statistical analyses of associations with congenital anomalies. Table 3 shows no effect of residence in a high-wheat county on preterm or SGA birth, and a modest increase in male infant mortality due to congenital anomalies. Results comparing low or very low birth weight, or overall fetal or infant mortality outcomes between the two groups of counties were not provided. Most of the results focused on overall and subcategories of birth defects (termed "developmental outcomes" in the title of Table 3 ); although some of the odds ratios are statistically significant, the author made no adjustment for multiple comparisons. Epidemiologists studying birth defects typically avoid analyses in which "births with any anomaly" is the dependent variable (p. 1262) because of the heterogeneity of the conditions thereby grouped together. also neglected to include a map of the study counties, leaving the reader to wonder whether other physiographic, demographic, or economic factors might also influence the study findings.
If the primary study hypothesis is that preconceptional or antenatal exposure to agricultural herbicides increases the risk for birth defects across large geographic areas, it should be noted that this study used, at best, proxy measures for both dependent and independent variables. Because provided no direct measures of exposure to herbicides, the reader must presume that differences in agricultural activity across counties correlated directly to individual exposures. could have provided a reference to a study demonstrating that all residents of agricultural areas have similar levels of biomarkers of exposure to herbicides.
The most troubling aspect of this paper ) is its reliance on vital statistics for data on the occurrence of congenital anomalies among the birth events analyzed. Although numerous state programs have been developed in the past 15 years, Schreinemachers selected a study area for which statewide, population-based birth defects surveillance programs did not exist in any of the four states during the study period (National Birth Defects Prevention Network 2002). Her arguments concerning data quality are unconvincing and ultimately raise concerns that the study findings will be misinterpreted and misconstrued, and also will lead to similar analyses with methodologic flaws based on assumptions about the completeness, accuracy, reliability, and validity of vital statistics reporting of birth defects. It is not surprising that results in this study mirror that of Garry et al. (1996) , given the use of birth certificate reporting of congenital anomalies to measure the outcome variable in both studies.
Regarding data quality, cited Watkins et al. (1996) , who examined the sensitivity and positive predictive value of birth defects reported on birth certificates in the metropolitan Atlanta, Georgia, area. They found that only 14% of all cases in the comprehensive multisource registry were reported on birth certificates, and that the overall sensitivity (proportion of all birth defects that were identified on birth certificates) was 28%, but ranged from 10% for rectal atresia/stenosis and 19% for Down syndrome to 40% for spina bifida, 47% for omphalocele/gastroschisis, and 86% for anencephaly. Rather than commenting directly on the implications of these results for the present analysis, instead discussed the small proportion of birth certificates in the study sample that were unmarked for presence or absence of birth defects, a statistic that has no bearing on the issues of reliability and validity of the key outcome measures. In a study of completeness of ascertainment in the New York Congenital Malformations Registry, Olsen et al. (1996) concluded that the yield from reabstraction of potential cases reported only on birth certificates was not sufficient compared to the time and expense involved. Many other studies have shown how poor vital statistics data are for identifying babies with birth defects, both in missed cases and in misdiagnosed and misclassified cases (e.g., Hexter et al. 1990; Hudome et al. 1994; Piper et al. 1993) . For this reason, most birth defects epidemiologists exclude birth certificatebased cases from their analyses, and the National Birth Defects Prevention Network does not regard state databases based solely on vital statistics records as birth defects surveillance programs. Clinical data in vital statistics databases should not be used for multivariate epidemiologic analyses without independent assessment of its reliability and validity, lest scientifically erroneous conclusions be reached (Kirby 1997 (Kirby , 2001 ).
Schreinemachers' hypothesis (2003) is worthy of operationalization in a more sophisticated, albeit more expensive, study design. The study should be carried out in a region with comprehensive, multisource birth defects and disabilities surveillance records linked to vital records, with agricultural chemical applications cataloged and mapped through the use of a geographic information system. This may necessitate a large prospective study with a longitudinal component or the creation of the disease surveillance and environmental monitoring databases to support a retrospective study. In the meantime, researchers and clinicians should be wary of generalizing from the results of epidemiologic analyses based on birth defects reports obtained solely from vital statistics sources. In a recent paper on birth malformations, uses wheat acreage per county as a surrogate for chlorophenoxy herbicide exposure. Previously, increasing cancer mortality rates were observed with increasing wheat acreage in these counties. (Schreinemachers 2000) . The difference for both birth defects and cancer in these regions is interesting, but the underlying causes cannot be identified by ecologic studies. We commend the author for acknowledging the limitations of the study design used. However, she did not demonstrate that the subjects in areas of high-wheat and low-wheat production are sufficiently heterogeneous with respect to chlorophenoxy herbicide exposure to explain the differences in observed health end points. cited several studies that demonstrate measurable 2,4-dichlorophenoxyacetic acid (2,4-D) in children and adults related to turf (i.e., lawn) applications and other home exposure routes (Harris and Solomon 1992; Hill et al. 1989; Nishioka et al. 1996 Nishioka et al. , 2001 .
We accept that women and their partners in both the high-and low-wheat producing counties have potential for exposure to herbicides. In the current study, used production volume of a single crop to assert that the women and partners living in the high-wheat-producing counties have higher chlorophenoxy exposure, but no data were presented that validate this assumption. A Canadian exposure study ) did identify 2,4-D in the semen of farmers who recently applied 2,4-D, but only among half the applicators. Indeed, results of this exposure study confirmed that applicators are not uniformly exposed and spouses have little or no exposure (Arbuckle et al. 2002 , Ritter et al. 1998 ) Similarly, Curl et al. (2002) concluded that the dust samples of dialkylphosphate, an insecticide metabolite, explained only about 15% of the variability in the children's urine levels. Additional exposure studies, including one by the U.S. Environmental Protection Agency, have similarly concluded that most women and children living on farms have exposure levels consistent with the general, nonfarming populations (Acquavella et al. 2003; Thomas et al. 2002) . This suggests a misclassification bias of 50% at least-enough to render the current findings virtually uninterpretable.
How then do we evaluate if the "chemicalization" of our environment poses a risk? Appropriately, Kogevinas and Sala (1998) advocated developing testable hypotheses to evaluate the etiology of birth defects. In contrast, their recommendation of using an ecologic approach still requires that the two groups under study be different with respect to exposure. Risk assessments based on the demonstrated dose-response effects from animal studies predict that widespread low-level exposures should not be associated with an excess risk.
We agree that reducing the incidence of congenital malformations is an important public health challenge. In a recent study designed to determine the reasons for the variability of the reported incidence of congenital heart disease, Hoffman and Kaplan (2002) demonstrated that these variations are primarily caused by differences in detection of minor lesions and by different methods of ascertainment through a variety of diagnostic criteria. Hoffman and Kaplan (2002) concluded that given the uncertainties of estimating incidence, there is no evidence that the true incidence of congenital heart disease has changed over the past 50 years, or that it varies in different countries.
The etiologies of birth defects are many and complex, and there is evidence that diagnosis and reporting can vary across regions. offered no data to support that the potential exposure to chlorophenoxy herbicides, much less any actual exposure, is different between the two regions examined. We wonder what other factors that were not studied could contribute to the observed differences in the low-wheat and high-wheat regions.
"Birth Malformations and Other Adverse Perinatal Outcomes": Schreinemachers' Response
The major comments with regard to my paper by Kirby and Salihu and Burns and Leonard refer to the use of ecologic studies to establish causality, use of a surrogate measure of exposure, presence of potential confounders, use of vital statistics as a source of birth malformations, and grouping of malformations based on organ system classifications.
Ecologic studies cannot determine underlying causes of disease, but they can be used to identify potential public health hazards. By using a proxy for chlorophenoxy herbicides, I did offer data to support that potential exposures to chlorophenoxy herbicides and/or contaminants in the two Environmental Health Perspectives • VOLUME 111 | NUMBER 16 | December 2003 regions are different, as measured by wheat acreage. If using a proxy measure of exposure was a bad choice, it should have been very difficult to demonstrate effects between low-and high-wheat counties, providing that these effects existed in the first place. Showing that all residents of agricultural areas have similar levels of biomarkers for exposure to herbicides, as Kirby and Salihu would like to see, may be difficult. We may be able to observe effects of exposure only in the most heavily exposed people, as indicated by the presence of 2,4-dichlorophenoxyacetic acid (2,4-D) in semen and blood among a fraction of exposed subjects Semchuk et al. 2003) .
Both Kirby and Salihu and Burns and Leonard wonder if other factors could have contributed to the observed effects. These confounders would have to be able to cause birth malformations and would also have to be strongly associated with wheat farming. Chlorophenoxy herbicides and/or contaminants are one possible explanation.
I discussed the limitations of using vital statistics as a data source for birth malformations in my paper . Grouping of birth malformations with different etiologies would more likely dilute than create existing effects. Although vital statistics are known to be an incomplete source of birth malformations, there is no reason to suspect that this underreporting is associated with wheat farming.
Kirby and Salihu comment on the terminology "ecologic analysis." This is based on the fact that the unit of exposure pertains to geographical areas rather than to individuals (Checkoway et al. 1989 ). I did not adjust for multiple comparisons, and some of the effects may have been due to chance. However, when effects are observed within a study in different groups of subjects (e.g., boys and girls), or in two independent studies, chance may less likely play a role.
Burns and Leonard state that women and children living on a farm have exposure levels consistent with the general nonfarming population. In my study I compared rural populations in low-wheat regions (including farming and nonfarming families) to those in high-wheat regions. I did not compare families living on farms with families not living on farms; therefore, I do not believe that the argument about 50% misclassification (which likely would have deleted or diluted any effects) applies here. Widespread low-level exposures have not been associated with excess risk, as shown by previous dose-response effects from animal studies. However, we should keep in mind that recent studies indicate that many chemicals have effects at very low levels based on a U-shaped dose-response curve (Welshons et al. 2003) . I agree with Burns and Leonard's statement that diagnoses of birth defects can vary across regions, but there is no reason to suspect that wheat farming plays a role.
Kirby and Salihu state that my hypothesis is "worthy of operationalization in a more sophisticated, albeit more expensive, study design." Without my low-resourceintensive, hazard-identifying, hypothesisgenerating study, involving a surrogate measure of exposure and utilizing incomplete birth malformation data, we might have never suspected the existence of this potential health problem, and therefore would have no basis to undertake a more labor-intensive and expensive study. was in response to one by Wing and Richardson (2002) that incorrectly claimed that an excess risk of childhood cancer was not experienced by the Japanese atomic bomb survivors who were irradiated in utero, citing in support a paper that I coauthored (Doll and Wakeford 1997) . Third, if Nussbaum contests the conclusions my academic coauthors and I have published in the scientific literature (Doll and Wakeford 1997; Wakeford and Little 2003) , he should explain why. Fourth, BNFL (British Nuclear Fuels) and almost all of the other major employers in the U.K. nuclear industry operate a voluntary compensation program jointly with the relevant labor unions (Wakeford et al. 1998) . The technical basis of this program is agreed upon between the employer and employee representatives, both advised by their respective experts. If Nussbaum's views were accepted by the scientific community, undoubtedly, they would be seriously considered by these experts.
Nussbaum would better serve science by engaging the issues addressed in my papers.
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